Introduction
Grapefruit (Citrus paradisi) is a kind of non-leafing fruit, which is cultivated in many kinds and cultural forms from the family of Rutaceae. Botanist James Macfadyen was the first scientific explanatory scientist to describe grapefruit in 1837, distinguishing it from other citrus fruits [1] . According to researches, grapefruit juice or grapefruit with certain medicines may produce harmful side effects [2] . Grapefruit can block an enzyme which metabolizes medication. If the drug is not metabolized, then the level of the drug in the blood can become too high, leading to an adverse effect. The other effect is that grapefruit can block the absorption of drugs in the intestine. If the drug is not absorbed, then not enough of it is in the blood, to have a therapeutic effect [3] .
Cytochromes P450 (CYPs) are proteins of the super family containing hemeas cofactor and, therefore, are hemoproteins. The CYP3A4 isoform of cytochrome P450 is located in both the liver and the enterocytes. CYPs are the major enzymes involved in drug metabolism, accounting for about 75% of the total metabolism. Most drugs undergo deactivation by CYPs, either directly or by facilitated excretion from the body. Also, many substances are bioactivated by CYPs, to form their active compounds [4] . Naturally occurring compounds may also induce or inhibit CYP activity.
For example, bioactive compounds found in grapefruit juice and some other fruit juices, including bergamottin, dihydroxybergamottin, and paradicin-A, corresponding author; e-mail: arif.ayar@amasya.edu.tr have been found to inhibit CYP3A4-mediated metabolism of certain medications, leading to increased bioavailability and thus, the strong possibility of overdosing [5] .
Because of this risk, avoiding grapefruit juice and fresh grapefruits entirely while on drugs is usually advised [7] . The interaction between grapefruit juice and other medication depends on the individual drug, and not the class of the drug.
Drugs that interact with grapefruit juice share three common features: they are taken orally, normally only a small amount enters systemic blood circulation, and they are metabolized by CYP3A4. According to Canadian Medical Association, there is an increase in the number of potential drugs that can interact with grapefruit juice. From 2008 to 2012, the number of drugs known to potentially interact with grapefruit juice, with risk of harmful or even dangerous effects (gastrointestinal bleeding, nephrotoxicity), has increased from 17 to 43 [9] .
Furanocoumarins irreversibly inhibit cytochrome P450 metabolizing enzyme called CYP3A4. CYP3A4 is a metabolizing enzyme for almost 50% of drugs, and is found in the liver and small intestinal epithelial cells [11] . As a result, many drugs are impacted by consumption of grapefruit juice. When the metabolizing enzyme is inhibited, less of the drug will be metabolized by it in the epithelial cells. A decrease in drug metabolism means more of the original form of the drug could pass unchanged to systemic blood circulation [12] . An unexpected high dose of the drug in the blood could lead to fatal drug toxicity [11] .
For example, acetaminophen/paracetamol (Tylenol) concentrations were found to be increased in murine blood by white and pink grapefruit juice, with the white juice acting faster [13] . Interestingly, "the bioavailability of paracetamol was significantly reduced following multiple GFJ administration" in mice and rats. This suggests that repeated intake of grapefruit juice reduces the efficacy and bioavailability of acetaminophen/paracetamol in comparison to a single dose of grapefruit juice, which conversely increases the efficacy and bioavailability of acetaminophen/paracetamol [12, 13] . Tassaneeyakul et al. reported the effect of grapefruit juice intake on the disposition of omeprazole and its primary metabolites, following a single oral dose, to 13 healthy volunteers, two of whom being poor metabolisers for cytochrome P450 (CYP) 2C19 [14] . 
Conclusions
Grapefruit juice may be the first drug-interacting fruit juice documented, but apple and orange juices have been also implicated in interfering with etoposide, a chemotherapy drug, some beta blocker drugs, used to treat high blood pressure, and cyclosporine, taken by transplant patients to prevent rejection of their new organs. Unlike other fruits, grapefruit contains a large amount of naringin, and it can take up to 72 hours before the effects of the naringin on the CYP3A4 enzyme are seen. This is problematic as a 4 oz portion of grapefruit contains enough naringin to inhibit the metabolism of substrates of CYP3A4. Juice of limes and Seville oranges can also inhibit drug metabolism, however, as can apple juice with some drugs [15] . A 4-hour interval between grapefruit consumption and the medication should suffice. For drugs recently sold on the market, drugs have information pages (monographs) that provide information on any potential interaction between a medication and grapefruit juice [11] . Because there is a growing number of medications that are known to interact with grapefruit juice, patients should consult a pharmacist or physician before planning to take grapefruit juice with their medications.
